Background {#Sec1}
==========

With introduction and uptake of the vaccine, hepatitis B virus (HBV) infection rate has not been increasing at the same rate; however, the large population of infected individuals renders the situation less optimistic. Two billion people worldwide have been infected with HBV, the most common pathogen that causes human viral hepatitis, and 250 million are chronically infected \[[@CR1], [@CR2]\]. HBV infection is the most common etiological factor leading to hepatocarcinogenesis, disproportionately affecting Asian countries. Globally, the proportion of patients with hepatocellular carcinoma (HCC) caused by HBV infection is 45%, and in China, this proportion has reached approximately 80% \[[@CR3], [@CR4]\]. Hepatitis B and its complications, such as cirrhosis or HCC, have contributed to the burden healthcare places on society \[[@CR5], [@CR6]\]. Thus, the treatment of chronic hepatitis B patients is particularly important. Antiviral therapy (AVT) is regarded as the most effective treatment. It is expected that AVT can benefit patients with a persistent virological response (VR) \[[@CR7]--[@CR9]\]. Furthermore, AVT can reduce the risk of postoperative recurrence by reducing viral load in HBV-related HCC patients \[[@CR10]\]. A recent study also confirmed that AVT is associated with reduced incidences of microvascular invasion (MVI) and early tumor recurrence after partial hepatectomy for HBV-related HCC patients \[[@CR11]\]. To improve the prognosis of patients, most major guidelines have recommended AVT as one of the important treatments for HCC patients who test positive for HBV DNA during the perioperative period \[[@CR12]--[@CR14]\]. Previous studies have indicated that AVT can reduce the risk of virus reactivation, help improve liver function in patients with low levels of HBV DNA (HBV DNA \< 500 IU/ml) after HCC surgery \[[@CR15]\], and reduce HCC recurrence in patients with low HBV DNA levels (HBV DNA \< 2000 IU/ml) \[[@CR16]\]. However, whether AVT is useful in HCC patients who test negative for HBV DNA (HBV DNA \< 100 IU/ml) to improve their clinical outcomes is still unknown, as evidence is lacking.

The present study evaluated the rate of post-hepatectomy HBV reactivation in HBV DNA-negative patients and explored the potential value of AVT for improving patient survival; the hypothesis was that AVT would be beneficial for HBV DNA-negative HCC patients (HBV DNA \< 100 IU/ml).

Materials and methods {#Sec2}
=====================

All patients in this study provided written informed consent before undergoing operation. All procedures in this study were performed in accordance with the principles of the Research Ethics Committee of the Third Affiliated Hospital of Sun Yat-Sen University and the Helsinki Declaration and its amendments. The study was reported in accordance with the STROCCS criteria \[[@CR17]\].

Study design and patient grouping {#Sec3}
---------------------------------

We retrospectively collected and analyzed the data of HCC patients who underwent hepatectomy in our institution between January 2006 and January 2013. Patients who met the following inclusion criteria were enrolled in this study: (a) the patient's hepatectomy was performed in our center, and HCC was pathologically confirmed after the operation; (b) the patient was positive for serum HBsAg before the surgery; (c) the patient's serum HBV DNA level was \< 100 IU/ml; (d) the patient's liver function was Child-Pugh grade A or B; (e) if the patient received entecavir therapy, it was administered within 1 week before and after the hepatectomy; and (f) if the patient received entecavir (0.5 mg/d), they took it for at least 1 year after surgery.

Patients were excluded if they met one or more of the following exclusion criteria: (a) the patient received treatment that might affect their prognosis before surgery such as transcatheter arterial chemoembolization (TACE) or radiation therapy; (b) the patient had other tumors in other organs, for example, renal cell carcinoma and cervical cancer, or certain severe diseases; (c) the patient had refractory ascites or hepatic encephalopathy; (d) the patient had a positive resection margin (R1 resection); or (e) they had previously received any antiviral treatment.

Definition of negative HBV DNA, reactivation, PVI, HVI, and MVI {#Sec4}
---------------------------------------------------------------

In this study, we defined a negative result for HBV DNA as a serum level of HBV DNA \< 100 IU/ml and defined macrovascular invasion as the presence of portal vein invasion (PVI) and/or hepatic vein invasion (HVI), which was detected by two different inspection methods, magnetic resonance imaging (MRI), or computed tomography (CT) accompanied by ultrasonographic testing. All imaging and ultrasonic reports were verified by at least two senior experts in related fields. We defined microscopic vascular invasion (MVI) as the invasion is visible only on microscopy and was assessed by several sections of non-tumoral hepatic parenchyma 1 cm away from the tumor according to previous studies \[[@CR18], [@CR19]\]. HBV reactivation was defined as a 10-fold or greater increase in HBV DNA level compared to the baseline level \[[@CR20], [@CR21]\].

Follow-up and outcomes {#Sec5}
----------------------

All patients were followed up once a month in the first 3 months after hepatectomy and then every 3 months in subsequent months until 36 months after surgery or until death. Patients received routine blood tests, liver function tests, serum alpha-fetoprotein (AFP) assays, ultrasound and CT, or MRI at each reexamination. Recurrence-free survival (RFS) and overall survival (OS) were the outcomes of this study.

Propensity score analysis {#Sec6}
-------------------------

Because grouping was based only on perioperative AVT rather than randomization, propensity score matching (PSM) was used to reduce the imbalance between the two groups. All possible clinicopathological covariates, such as tumor number, tumor size, and vascular invasion, which might have affected the target outcomes were included when conducting the PSM. Propensity scores were evaluated using a logistic regression model in this study. Patients were matched at a 1:1 ratio using the caliper matching method within 0.2 of the standard deviation from the propensity score logit, basing on previous literatures \[[@CR22]--[@CR24]\]. And finally, we obtained the score-matched pairs for subsequent analyses.

Statistics and analysis {#Sec7}
-----------------------

Intergroup categorical data were analyzed with the *χ*^2^ test or Fisher's exact test, as appropriate. Univariate and multivariate analyses were performed using the Cox proportional hazards model. Survival curves were calculated and compared using the Kaplan-Meier method and log-rank test. All analyses were performed using SPSS version 22.0 (IBM, United States), and the PSM analysis was conducted in R (R Foundation for Statistical Computing, Austria). A two-tailed *P* value of less than 0.05 was considered statistically significant.

Results {#Sec8}
=======

Clinicopathological characteristics {#Sec9}
-----------------------------------

There were 728 such patients registered in our system. According to the inclusion and exclusion criteria, 161 HCC patients who tested positive for serum HBsAg but negative for HBV DNA before surgery were included. Among the selected 161 patients, 73 (45.34%) received AVT during the perioperative period and were included in the AVT group, while the remaining 88 (54.66%) were included in the non-AVT group (Fig. [1](#Fig1){ref-type="fig"}, Additional file [1](#MOESM1){ref-type="media"}). All patients were negative for hepatitis C virus (HCV) antibodies; did not receive adjuvant treatments, such as systemic chemotherapy, postoperative adjuvant TACE or transcatheter arterial embolization (TAE), and adoptive immunotherapy; had only HCC; and had the diagnosis of HCC pathologically confirmed after the surgery. During the postoperative follow-up period, patients who experienced HBV reactivation were administered entecavir and still be included in their initial groups.

Before the PSM analysis, most factors were balanced except Barcelona clinic liver cancer (BCLC) stage, tumor size, tumor capsule, vascular invasion, liver cirrhosis, anatomical hepatectomy, and HBV reactivation (all *p* \< 0.05; Table [1](#Tab1){ref-type="table"}). After PSM, all measured baseline variables were balanced between AVT group and non-AVT group, and finally, we generated 37 pairs of patients who had no significant differences in terms of all confounding factors for subsequent analysis (Table [1](#Tab1){ref-type="table"}).Table 1Clinicopathological variables between the two groupsVariablesBefore PSMAfter PSMNon-antiviral *n* = 88Antiviral *n* = 73*P* valueNon-antiviral *n* = 37Antiviral *n* = 37*P* valueGender, M/F76/1266/70.42831/632/50.744Age (year), \< 50/≥ 5039/4943/300.06519/1820/170.816AFP level (ng/ml), \< 400/≥ 40058/3048/250.75122/1522/151.000BCLC stage, 0,A/B,C49/3955/180.00928/924/130.309Tumor size (cm), \< 5/≥ 540/4852/210.00126/1125/120.802Tumor number, \< 3/≥ 384/470/30.89335/236/10.556Capsule integrity, yes/no54/3462/110.00127/1026/110.797Satellite nodule, yes/no7/817/660.7145/325/321.000Vascular invasion, yes/no36/5217/560.0188/2912/250.295MVI, yes/no3/855/680.3171/362/350.556Necrosis, yes/no18/709/640.1694/334/331.000Liver cirrhosis, yes/no41/4752/210.00219/1822/150.483PHT, yes/no32/5631/420.43013/2415/220.632Anatomical hepatectomy, yes/no32/5639/340.03014/2315/220.812Blood loss (ml), \< 500/≥ 50075/1362/110.95831/633/40.496Operative time (min), \< 120/≥ 1203/857/660.1061/360/370.314ALT (U/L), \< 40/≥ 4051/3744/290.76622/1523/140.812ALB (g/L), ≤36/\> 3616/7210/630.4427/306/310.760PT (s), \< 13/≥ 1363/2552/210.96027/1027/101.000HBV reactivation, yes/no20/682/710.0013/342/350.643*PSM* propensity score matching, *AFP* alpha-fetoprotein, *BCLC* Barcelona clinic liver cancer, *MVI* microvascular invasion, *PHT* portal hypertension, *ALT* alanine aminotransferase, *ALB* albumin, *PT* prothrombin time, *HBV* hepatitis B virusFig. 1Flowchart for the selection of eligible patients

HBV reactivation {#Sec10}
----------------

Before PSM, there were two patients (2.74%) presented with HBV reactivation in the AVT group, while 20 patients (22.73%) presented with HBV reactivation in the non-AVT group, and this difference was statistically significant (*p* \< 0.01). Patients who experienced reactivation were considered for subsequent antiviral therapy.

Effect of antiviral therapy on recovery of liver function {#Sec11}
---------------------------------------------------------

At 1 day, 3 days, 5 days, and 7 days after hepatectomy, liver function parameters such as alanine aminotransferase, total bilirubin, albumin, and prothrombin time all showed no significant difference between AVT and non-AVT groups (Fig. [2](#Fig2){ref-type="fig"}a, b, d, all *p* \> 0.05). However, albumin was significantly higher in the antiviral group than in the non-antiviral group at 1 month after hepatectomy, indicating better recovery of liver function to some extent (Fig. [2](#Fig2){ref-type="fig"}c, *p* \< 0.05).Fig. 2Comparison of liver function between patients with or without perioperative antiviral therapy. ALT alanine aminotransferase, Tbil total bilirubin, ALB albumin, PT prothrombin time

Independent risk factors of prognosis {#Sec12}
-------------------------------------

The univariate and multivariate analyses are summarized in Table [2](#Tab2){ref-type="table"}. On univariate analysis, BCLC stage, tumor size, tumor number, satellite nodule, blood loss, ALT, and HBV reactivation were identified as significant factors of RFS. Multivariate analysis revealed that tumor number (hazard ratio (HR) 5.39; 95% CI 2.276--12.766; *p* \< 0.01) and HBV reactivation (HR 8.037; 95% CI 4.646--13.906; *p* \< 0.01) were associated with RFS. Similarly, based on multivariate analysis, tumor size, anatomical hepatectomy, operative time, and HBV reactivation were related to overall survival (Table [3](#Tab3){ref-type="table"}).Table 2Prognostic factors associated with recurrence-free survivalUnivariate analysisMultivariate analysis*p* valueHR95% CI*p* valueHR95% CIGender0.259Age0.895AFP0.381BCLC0.0441.6561.013--2.707Tumor size0.0401.6631.022--2.706Tumor number0.0014.2881.843--9.978**\<** 0.015.3902.276--12.766Capsule integrity0.650Satellite nodule0.0182.3521.161--4.763Vascular invasion0.215MVI0.582Necrosis0.199Liver cirrhosis0.077PHT0.636Anatomical hepatectomy0.137Blood loss0.0281.9461.076--3.517Operative time0.509ALT0.0421.6551.017--2.693ALB0.726TB0.130PT0.757Antiviral therapy0.280HBV reactivation**\<** 0.017.4904.359--12.870**\<** 0.018.0374.646--13.906*AFP* alpha-fetoprotein, *BCLC* Barcelona clinic liver cancer, *MVI* microvascular invasion, *PHT* portal hypertension, *ALT* alanine aminotransferase, *ALB* albumin, *TB* total bilirubin, *PT* prothrombin time, *HBV* hepatitis B virusTable 3Prognostic factors associated with overall survivalUnivariate analysisMultivariate analysis*p* valueHR95% CI*p* valueHR95% CIGender0.680Age0.925AFP0.403BCLC0.0182.3201.158--4.645Tumor size0.0013.8751.793--8.376\< 0.015.0922.174--11.926Tumor number0.066Capsule integrity0.920Satellite nodule0.811Vascular invasion0.0172.3191.160--4.639MVI0.634Necrosis0.351Liver cirrhosis0.820PHT0.365Anatomical hepatectomy0.0440.4840.239--0.9810.0340.4630.227--0.944Blood loss0.051Operative time0.0093.5901.379--9.345\< 0.017.0642.433--20.512ALT0.986ALB0.654TB0.214PT0.629Antiviral therapy0.0160.3750.168--0.834HBV reactivation\< 0.015.3532.641--10.848\< 0.015.1902.545--10.582*AFP* alpha-fetoprotein, *BCLC* Barcelona clinic liver cancer, *MVI* microvascular invasion, *PHT* portal hypertension, *ALT* alanine aminotransferase, *ALB* albumin, *TB* total bilirubin, *PT* prothrombin time, *HBV* hepatitis B virus

Survival analysis before and after propensity matching analysis {#Sec13}
---------------------------------------------------------------

Before propensity matching analysis, the 1-, 2-, and 3-year RFS rates were 80.82%, 69.86%, and 58.90% and 69.32%, 60.23%, and 55.68% in the AVT group and control group, respectively (Fig. [3](#Fig3){ref-type="fig"}a, *p* = 0.279); the 1-, 2-, and 3-year OS rates were 97.26%, 94.52%, and 93.15% and 90.91%, 86.36%, and 84.09% in the AVT group and non-AVT group, respectively (Fig. [3](#Fig3){ref-type="fig"}b, *p* \< 0.05). After PSM, the 1-, 2-, and 3-year RFS rates in the AVT group and the non-AVT group were 78.38%, 72.97%, and 62.16% and 81.08%, 72.97%, and 72.97%, respectively (Fig. [4](#Fig4){ref-type="fig"}a, *p* = 0.564); however, the 1-, 2-, and 3-year OS rates were 97.30%, 97.3%, and 91.89% and 94.59%, 94.59%, and 86.49%, respectively, and there was no significant difference between the two groups (Fig. [4](#Fig4){ref-type="fig"}b, *p* = 0.447).Fig. 3Comparison of RFS and OS between the two groups before PSMFig. 4Comparison of RFS and OS between the two groups after PSM

Discussion {#Sec14}
==========

For patients who are positive for HBV DNA, official guidelines recommend antiviral therapy and rational drug selection \[[@CR25]--[@CR27]\]. Previous studies have indicated the necessity of antiviral treatment for HCC patients with chronic HBV infection; however, it remains controversial whether it is also necessary to implement antiviral treatment for patients with undetectable levels of HBV DNA \[[@CR28], [@CR29]\]. Similarly, HCC patients who are negative for HBV DNA also encounter the uncertainty.

The high recurrence rate and the development of postoperative metastasis are always important issues for clinicians and patients. It has been reported that the HCC recurrence rate within 5 years after hepatectomy is as high as 70% \[[@CR30]--[@CR32]\]. Tumor size, tumor number, tumor stage, tumor differentiation, MVI, etc. are all factors that influence postoperative recurrence in HCC patients \[[@CR33], [@CR34]\], and this is also consistent with results of our univariate and multivariate analyses (Table [2](#Tab2){ref-type="table"}). At the same time, it is clear that a positive HBV DNA test is an independent risk factor for postoperative recurrence. Numerous studies have shown that a high serum level of HBV DNA (more than 2000 IU/ml) is an independent risk factor for the development of HCC in chronic hepatitis B patients, and higher serum levels of HBV DNA are more likely to be associated with the occurrence of liver cancer than lower levels of HBV DNA \[[@CR35]--[@CR37]\]. It has also been confirmed that surgery may cause HBV reactivation with a high viral load, thus increasing the risk of tumor recurrence; therefore, AVT is required for those patients \[[@CR15], [@CR38]\]. However, studies about patients with very low viral load levels, such as the HBV DNA level \< 100 IU/ml used in this study, are almost nonexistent, and currently, there are no guidelines for those patients.

To the best of our knowledge, this is the first study exploring the effects of AVT on prognoses in HCC patients who are positive for serum HBsAg but negative for HBV DNA (HBV DNA \< 100 IU/ml).

Our results showed that antiviral therapy can substantially reduce the postoperative HBV reactivation rate, which was consistent with the results of previous studies \[[@CR39]--[@CR41]\]. In terms of HBV reactivation, there is no exact mechanism that has been proposed to explain the mechanism by which HBV reactivation occurs after surgery. Some scholars believe that the surgery itself leads to this outcome because hepatectomy may induce immune-suppression \[[@CR42]--[@CR44]\]. Other studies suggest that the presence of covalently closed circular DNA in hepatocyte nuclei may be the reason for later reactivation \[[@CR45]--[@CR47]\]. Taken together, the administration of perioperative AVT for a prolonged period of time, such as the 1 year used in this study, perhaps would be helpful to reduce HBV reactivation.

Our results indicate that perioperative antiviral therapy does not improve liver function in 1 week after hepatectomy, but can better promote albumin recovery than non-antiviral therapy at 1 month, which is consistent with previous studies \[[@CR15], [@CR48]\]. The reason for the results, we suppose, is the temporality of antiviral therapy, that is, when early stage after operation, the hepatectomy itself dominates the recovery of liver function; however, with the regeneration of residual liver, the influence of surgical factor gradually weakens and the influence of antiviral therapy gradually strengthens.

In this study, we concluded that antiviral therapy may not improve RFS. On the other hand, although there was no significant difference in OS rates between the two groups, we still observed that OS in the antiviral group was higher than that in the non-antiviral group; we hypothesized that the lack of a significant difference may be the result of the small sample size, and studies with larger samples sizes are needed in the future. The conclusion of OS rates was different from that of a previous study \[[@CR49]\], and the main reason for this difference may have been the different HBV DNA levels between the two studies. To define a patient as having a negative result for HBV DNA, we had a more stringent standard (HBV DNA \< 100 IU/ml), which was much lower than the standard used in the other study (HBV DNA \< 1.0 × 10^3^ IU/ml). Perhaps, with such an extremely low viral load, HBV was in a very stable state and seldom caused inflammation of the liver or an immune response; thus, AVT was not be able to exert any influence on tumor recurrence and patient survival. Of course, this conjecture requires more supporting research.

This study had some limitations. First, it was a single-center study. Second, the research period was large, and the importance of AVT for HCC patients has gradually changed over the years, leading to the large initial baseline heterogeneity of patients administered AVT. Third, given that this study was a retrospective study, the duration of AVT was inconsistent. In addition, the sample size may have been a limiting factor for the separation of the KM curves when analyzing OS, and the role played by the tumor-immune microenvironment during this process is still unknown. At the same time, patients' data about HBeAg, anti-HBe, and HBV phase was absent restricted by the detection means.

Conclusions {#Sec15}
===========

In conclusion, AVT can reduce the HBV reactivation rate but has no effect on survival for HCC patients who are negative for HBV DNA (HBV DNA \< 100 IU/ml). This conclusion will be useful for selecting treatment methods for this type of patient. However, studies with larger sample size are needed to further verify this conclusion and explore the possible mechanism underlying this result.
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Additional file 1:Eligible patients included in the AVT and non-AVT group. (XLSX 68 kb)
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